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Abstract
The radiative seesaw mechanism proposed recently is minimally extended to include
supersymmetry in a specific model. Relevant related issues such as leptogenesis and
dark matter are discussed.
If the standard model (SM) of particle interactions is extended to include three heavy
neutral singlet Majorana fermions Ni (i = 1, 2, 3) and a second scalar doublet η = (η
+, η0)
with zero vacuum expectation value (VEV), together with an exactly conserved discrete Z2
symmetry under which Ni and η are odd and all SM particles are even, then a radiative
seesaw mechanism is obtained [1, 2, 3] for small Majorana neutrino masses. The key is a
quartic scalar term
λ5(Φ
†η)2 +H.c., (1)
where Φ = (φ+, φ0) is the SM Higgs doublet, which is allowed under Z2. However, such a
term is not available in a supersymmetric context. Hence a supersymmetric version of this
mechanism is not so straightforward. Nevertheless, it may be accomplished in a minmal
extension, as shown below.
Table 1: Particle content of proposed model.
Superfield SU(2)× U(1) Z2 Z
′
2
Li = (νi, li) (2,−1/2) − +
lci (1, 1) − +
Φ1 = (φ
0
1, φ
−
1 ) (2,−1/2) + +
Φ2 = (φ
+
2 , φ
0
2) (2, 1/2) + +
Ni (1, 0) − −
η1 = (η
0
1, η
−
1 ) (2,−1/2) + −
η2 = (η
+
2 , η
0
2) (2, 1/2) + −
χ (1, 0) + −
Consider the superfields listed in Table 1. Whereas Li, l
c
i (i = 1, 2, 3) are the usual lepton
superfields of the minimal supersymmetric standard model (MSSM) and Φ1,2 the usual Higgs
superfields, Ni are new Majorana lepton superfields, η1,2 and χ are new scalar doublet and
singlet superfields respectively. The Z2 × Z
′
2 discrete symmetry serves to distinguish the
three different kinds of doublets Li, Φ1, and η1, as well as the two different kinds of singlets
2
Ni and χ. Consequently, the superpotential of this model is restricted to be of the form
W = fijLil
c
jΦ1 + hijLiNjη2 + λ1Φ1η2χ+ λ2Φ2η1χ
+ µφΦ1Φ2 + µηη1η2 +
1
2
µχχχ +
1
2
MijNiNj. (2)
Since η02 has zero VEV, Nj are not the Dirac mass partners of νi and the canonical seesaw
mechanism [4] is not operative. However, the Yukawa couplings hij are available and radiative
neutrino masses are obtained [1] with the help of χ, as shown in Figure 1.
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Figure 1: One-loop radiative contributions to neutrino mass.
There are two important consequences of this supersymmetric radiative seesaw mecha-
nism. One is leptogenesis [5]. The decay of the lightest Ni into Lη2 and their antiparticles
will generate a lepton asymmetry which gets converted into the observed baryon asymmetry
of the Universe through sphalerons at the electroweak phase transition [6]. On the other
hand, the formula for neutrino mass is suppressed by at least a loop factor of 16pi2 as com-
pared to that of the canonical seesaw. This means that the Davidson-Ibarra bound [7] on
leptogenesis is reduced by at least two orders of magnitude and the lightest Ni needs to be
no heavier than about 107 GeV, allowing it to be comfortably below a possible gravitino
bound from the reheating of the Universe after inflation [8].
The other is dark matter [9]. As in the MSSM, R−parity is conserved in this model. The
lightest particle with R = −1 is stable and a candidate for the dark matter of the Universe.
Similarly, the lightest particle odd under Z ′2 is also stable. In fact, consider the three lightest
3
particles with (R,Z ′2) = (−,+), (+,−), and (−,−) respectively. If one is heavier than the
other two combined, then the latter are the two components of dark matter. If not, then all
three contribute. In other words, dark matter may not be as boring as usually assumed. It
may consist of a rich variety of different stable particles.
Except for Ni, the new particles of this model, i.e. η1,2 and χ, are expected to be at the
TeV scale and should be observable at the forthcoming Large Hadron Collider (LHC).
This work was supported in part by the U. S. Department of Energy under Grant No. DE-
FG03-94ER40837.
4
References
[1] E. Ma, Phys. Rev. D73, 077301 (2006).
[2] J. Kubo, E. Ma, and D. Suematsu, hep-ph/0604114.
[3] E. Ma, hep-ph/0605180.
[4] M. Gell-Mann, P. Ramond, and R. Slansky, in Supergravity, edited by P. van Nieuwen-
huizen and D. Z. Freedman (North-Holland, Amsterdam, 1979), p. 315; T. Yanagida,
in Proceedings of the Workshop on the Unified Theory and the Baryon Number in the
Universe, edited by O. Sawada and A. Sugamoto (KEK Report No. 79-18, Tsukuba,
Japan, 1979), p. 95; R. N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44, 912
(1980).
[5] M. Fukugita and T. Yanagida, Phys. Lett. B174, 45 (1986).
[6] V. A. Kuzmin, V. A. Rubakov, and M. E. Shaposhnikov, Phys. Lett. 155B, 36 (1985).
[7] S. Davidson and A. Ibarra, Phys. Lett. B535, 25 (2002).
[8] K. Kohri, T. Moroi, and A. Yotsuyanagi, Phys. Rev. D73, 123511 (2006).
[9] For a recent review, see for example G. Bertone, D. Hooper, and J. Silk, Phys. Rept.
405, 279 (2005).
5
